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Association of Physical Activity and Lower 
Respiratory Tract Infection Outcomes in 
Patients With Cardiovascular Disease
Mi-Hyang Jung , MD, PhD; Sang-Wook Yi , MD, PhD; Sang Joon An, MD; Kwan-Hyun Youn , MD;   
Jee-Jeon Yi , PhD; Seongwoo Han, MD, PhD; Sang-Hyun Ihm , MD, PhD; Hae Ok Jung , MD, PhD;   
Ho-Joong Youn, MD, PhD; Kyu-Hyung Ryu, MD, PhD

BACKGROUND: To investigate the dose-response association between physical activity and lower respiratory tract infection 
(LoRI) outcomes in patients with cardiovascular disease.

METHODS AND RESULTS: Using the Korean National Health Insurance data, we identified individuals aged 18 to 99 years (mean 
age, 62.6±11.3 years; women, 49.6%) with cardiovascular disease who participated in health screening from January 1, 2009, 
to December 31, 2012 (n=1 048 502), and were followed up until 2018 for mortality and until 2019 for hospitalization. Amount 
of physical activity was assessed using self-reported questionnaires and categorized into 5 groups: 0 (completely sedentary), 
<500, 500 to 999, 1000 to 1499, and ≥1500 metabolic equivalents of task min/wk. After controlling for various confounders, 
adjusted hazard ratios (95% CIs) were 1.00 (reference), 0.74 (0.70–0.78), 0.66 (0.62–0.70), 0.52 (0.47–0.57), and 0.54 (0.49–
0.60) for LoRI mortality, and 1.00 (reference), 0.84 (0.83–0.85), 0.77 (0.76–0.79), 0.72 (0.70–0.73), and 0.71 (0.69–0.73) for 
LoRI hospitalization among those engaging in physical activity of 0, <500, 500 to 999, 1000 to 1499, and ≥1500 metabolic 
equivalents of task min/wk, respectively. Assuming linear association between 0 and 2000 metabolic equivalents of task min/
wk, each 500–metabolic equivalents of task min/wk increase of physical activity was associated with reduced LoRI mortality 
and hospitalization by 22% and 13%, respectively. The negative association was stronger in the older population than in the 
younger population (P for interaction <0.01).

CONCLUSIONS: In patients with cardiovascular disease, engaging in even a low level of physical activity was associated with a 
decreased risk of mortality and hospitalization from LoRI than being completely sedentary, and incremental risk reduction was 
observed with increased physical activity.
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Evidence has shown that physical inactivity in-
creases the risk of various diseases and all-cause 
mortality.1–4 On the basis of these data, recent 

guidelines recommend engaging in physical activity 
to achieve better health outcomes.5,6 However, the ef-
fect of physical activity on infection or immune function 
has been relatively unexplored and remains unclear.7 
Lower respiratory tract infection (LoRI) is a leading 
cause of morbidity and mortality, contributing to ≈5% 

of all deaths worldwide in 2017, and its outcome is par-
ticularly worse among older and immunocompromised 
populations.8,9

Patients with cardiovascular disease (CVD), who 
tend to have a more sedentary lifestyle,10 were 
shown to have worse clinical outcomes when they 
had LoRI.8,9 Currently, limited studies are available 
on the association between physical activity and 
LoRI among patients with CVD. Previous studies on 
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respiratory tract infection and physical activity are 
mostly for general population and mainly focused on 
upper respiratory tract infection with a benign clinical 
course.11–17 Among the studies on LoRI, inconsistent 
data exist.11–13,15 Specifically, it is not clear whether 
a low level of physical activity, performed less than 
the minimum amount suggested in the guidelines,5,6 
could lower the risk of LoRI. Clarifying the dose-
response association between physical activity and 
LoRI would be helpful to guide patients with CVD 
about proper physical activity. Moreover, during the 
recent outbreak of the COVID-19 pandemic, individ-
uals have been advised to stay indoors and limit their 
physical/social activity. Although such restrictions 
may be useful to control the spread of COVID-19, they 
can unintentionally decrease the amount of physical 
activity. Therefore, elucidating the relationship be-
tween physical activity and LoRI outcomes in patients 
with CVD would be of value for improving prognoses 
in future pandemics and related LoRIs.18

Using a population-based cohort study with >1 
million patients with CVD, we aimed to investigate the 

dose-response association between physical activ-
ity and LoRI outcomes (mortality and hospitalization). 
Specifically, we sought to identify whether there is still 
some beneficial effect associated with a lower level 
of physical activity than the minimum level suggested 
in the guidelines (<500 metabolic equivalents of task 
[MET] min/wk).5 In addition, we evaluated whether 
the association differs by age, with a focus on older 
patients.

METHODS
Because of the sensitive nature of the data collected 
for this study, requests to access the data set from 
qualified researchers trained in human subject con-
fidentiality protocols may be sent to National Health 
Insurance Service (NHIS) of Korea at https://nhiss.nhis.
or.kr/bd/ab/bdaba​021eng.do.

Study Population and Follow-Up
The current study used data from the NHIS. The NHIS 
provides mandatory health insurance, covering up to 
97% of the Korean population. Details about the data-
base are described elsewhere.19 Among participants 
of NHIS health screening from 2009 to 2012, those 
aged 18 to 99  years with prevalent CVD, defined by 
ischemic heart disease (International Classification of 
Diseases, Tenth Revision [ICD-10], code of I20–I25), 
heart failure (ICD-10 code of I11, I13, I255, I42, or I50), 
or cerebrovascular disease (ICD-10 code of I60–I69), 
including stroke (ICD-10 code of I60–I64 or I69), were 
identified as the study cohort (n=1 188 635). These 3 
major CVDs were chosen as they are frequently used 
as clinical end point or study population.10,20 We con-
sidered individuals to have prevalent disease at base-
line if they visited a medical institution for the disease at 
least once within 12 months before the baseline health 
examination date.

Among the study cohort (n=1 188 635), we excluded 
136  438 people with preexisting cancers and other 
miscellaneous diseases, and 3695 individuals be-
cause of missing information on the date of health ex-
amination and risk factors, including body mass index, 
fasting glucose, and systolic blood pressure. Finally, for 
the remaining 1 048 502 patients, follow-up for death 
and hospitalization attributable to LoRI (ICD-10 code of 
J09–J22; influenza, pneumonia, and other LoRI) was 
performed until December 31, 2018, through national 
death records, and until December 31, 2019, through 
the NHIS claim database. The Institutional Review 
Board of Catholic Kwandong University, Republic of 
Korea, approved the study; and the informed con-
sent was waived because anonymized data were pro-
vided by the NHIS according to a strict confidentiality 
protocol.

CLINICAL PERSPECTIVE

What Is New?
•	 The present study demonstrated a graded 

negative dose-response association of physical 
activity on mortality and hospitalization attribut-
able to lower respiratory tract infection in indi-
viduals with cardiovascular disease, including 
older individuals.

•	 Engaging in even a low amount of physical ac-
tivity was associated with a reduced risk com-
pared with being completely sedentary.

•	 Furthermore, incremental risk reduction was 
demonstrated with increasing physical activity.

What Are the Clinical Implications?
•	 The dose-response association analyses support 

the need to limit sedentary behaviors and gradu-
ally increase physical activity as medical condition 
allows to meet the guideline-suggested goal.

•	 This could be an attainable approach among pa-
tients with cardiovascular disease, especially for 
older patients.

Nonstandard Abbreviations and Acronyms

LoRI	 lower respiratory tract infection
MVPA	 moderate to vigorous physical activity
NHIS	 National Health Insurance Service

https://nhiss.nhis.or.kr/bd/ab/bdaba021eng.do.
https://nhiss.nhis.or.kr/bd/ab/bdaba021eng.do.
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Data Collection
Body mass index (kg/m2) was calculated as meas-
ured weight divided by the square of measured height. 
Blood pressure was measured in a seated position 
after resting for at least 5 minutes. Fasting glucose was 
assayed by enzymatic methods. Smoking history, al-
cohol use, and physical activity were self-reported via a 
questionnaire at the time of health examination. Health 
examination and data collection followed a standard 
protocol by the government. The medical institutions 
for screening that met the standards of personnel, fa-
cilities, and equipment were selected according to the 
law.19 The external quality validation process for clini-
cal chemistry was performed regularly. Information on 
prevalent diseases (eg, CVD and chronic obstructive 
pulmonary disease [ICD-10 codes of J40–J44 or J47; 
outpatient visit or hospitalization]) and previous hospi-
talization for LoRI within 12 months before the baseline 
health examination date was assessed through the 
NHIS claims database.

Categorization of Physical Activity 
Amount and Frequency
Physical activity was assessed using the NHIS ques-
tionnaire based on the modified International Physical 
Activity Questionnaire, which has shown moderately 
good validity and reliability compared with acceler-
ometer assessment.21 The expected associations 
between physical activity (assessed with the NHIS-
modified International Physical Activity Questionnaire 
questionnaire) and several outcomes have been re-
ported in previous studies.10,22 The English-translated 
questionnaire is available elsewhere.22 In brief, based 
on 7-day recall method, the questionnaire evaluated 
the frequency of each of the following 3 intensity lei-
sure time physical activities (expressed as 0 to 7 days 
per week): (1) number of days performing light-intensity 
physical activity for at least 30  minutes (eg, walking 
at a leisurely pace), (2) number of days performing 
moderate-intensity physical activity for at least 30 min-
utes (eg, fast walking, tennis, or bicycle riding), and (3) 
number of days performing vigorous-intensity physical 
activity for at least 20 minutes (eg, running, aerobics, 
high-speed cycling, or mountain hiking). We calculated 
the total energy expenditure (MET min/wk) by sum-
ming the product of frequency, duration, and assigned 
values for each of the 3 intensity physical activities. 
For the intensity of each physical activity, we assigned 
2.9, 4.0, and 7.0 MET for light, moderate, and vigorous 
physical activity, respectively.10 For the main analyses, 
study populations were categorized into 5 groups by 
their amount of physical activity: 0 (completely seden-
tary), <500, 500 to 999, 1000 to 1499, and ≥1500 MET 
min/wk. In addition, to characterize the association be-
tween moderate to vigorous physical activity (MVPA) 

and outcome, the study population was categorized 
into 4 groups by their MVPA frequency: 0, 1 to 2, 3 to 
4, and ≥5 times/week.

Statistical Analysis
The hazard ratios (HRs) and CIs associated with physi-
cal activity for deaths and hospitalization attributable to 
LoRI were calculated using a Cox proportional hazards 
model. In the multivariable models, adjustments were 
made for age at baseline (continuous variable; within 
each age group), sex, smoking status (current smoker, 
former smoker, nonsmoker, and missing information), 
frequency of alcohol use (none, <10, 10–39, or ≥40 g 
ethanol/d, and missing information), beneficiary income 
status (quantiles), body mass index (<18.5, 18.5–24.9, 
25–29.9, or ≥30  kg/m2), hypertension (systolic blood 
pressure <120, 120–139, or ≥140 mm Hg or prevalent 
hypertension), diabetes (fasting glucose <100, 100–
125, or ≥126 mg/dL or prevalent diabetes), prevalent 
chronic obstructive pulmonary disease, and previ-
ous admission attributable to LoRI. In the Cox model 
for LoRI mortality, the cause-specific hazard method 
was used for handling competing risks; individuals 
who experienced a competing event (other causes of 
death) or reached the end of follow-up were treated 
as censored. Schoenfeld residuals were used to test 
the proportional hazard assumption. Subgroup analy-
ses by age strata, sex, and CVD subtypes were also 
performed. To validate the age-specific association 
(particularly associations in older patients with CVD), 
we stratified patients by age strata (18–64, 65–74, and 
75–99 years). Sensitivity analyses were conducted that 
excluded the first 2 years of follow-up. Analysis using 
physical activity as a continuous variable (per 500-
MET min/wk increase) was performed. The Cochran 
Q statistic was used as the interaction test to examine 
the difference in the effect size of each 500-MET min/
wk increment between age groups. HRs of restricted 
cubic spline transformation of MET min/wk with 4 knots 
(5th, 50th, 85th, and 97.5th percentile) and 0 MET min/
wk as a reference were also plotted. All P values were 
2 sided. All analyses were conducted using SAS ver-
sion 9.4 software (SAS Institute, Cary, NC).

RESULTS
Baseline Demographic Findings
During median 8.5 and 9.3  years of follow-up, 8237 
deaths and 116  281 hospitalizations from LoRI oc-
curred, respectively, among 1 048 502 patients with 
CVD. Mean age was 62.6±11.3 years, and 49.6% were 
women. Among them, 397  822 patients were diag-
nosed with ischemic heart disease, 354  525 were 
diagnosed with heart failure, and 369 756 were diag-
nosed with cerebrovascular disease. Over half of the 
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population did not meet the physical activity level sug-
gested by the guideline of ≥500 MET min/wk (30.0% 
were completely sedentary, and 27.3% had <500 MET 
min/wk). On the basis of their MVPA frequency, 56.6% 
never engaged in MVPA. Among the population with 
physical activity of <500 MET min/wk, a substantial 
portion (61.4%) did not perform MVPA, indicating they 
only performed light physical activity. Those who were 
completely sedentary were more likely to be older, 
women, a nonsmoker, a nondrinker, with poor income 
status, and with the highest proportion of both obesity 
and underweight among the physical activity groups 
(Table 1).

Dose-Response Association Between 
Physical Activity and LoRI Mortality and 
Hospitalization
The dose-response association demonstrated a 
graded negative association between physical activity 
and LoRI outcomes. Compared with completely sed-
entary individuals, a reduced risk was found in those 
who performed <500 MET min/wk of physical activity. 
Multivariate-adjusted HRs (95% CIs) were 1.00 (refer-
ence), 0.74 (0.70–0.78), 0.66 (0.62–0.70), 0.52 (0.47–
0.57), and 0.54 (0.49–0.60) for LoRI mortality, and 1.00 
(reference), 0.84 (0.83–0.85), 0.77 (0.76–0.79), 0.72 
(0.70–0.73), and 0.71 (0.69–0.73) for LoRI hospitaliza-
tion among those engaging in physical activity of 0, 
<500, 500 to 999, 1000 to 1499, and ≥1500 MET min/
wk, respectively (Table 2). Survival plots showed that 
separation of the curve between those completely 
sedentary and those with <500 MET min/wk began 
early (Figure 1).

A similar dose-response association was observed 
for the MVPA frequency. Compared with individuals 
who never performed MVPA (including individuals 
who performed only light-intensity physical activity 
[n=278 573]), a gradual risk reduction was observed in 
those who performed MVPA up to 3 to 4 times/week 
but without further risk reduction in those performed 
MVPA ≥5 times/week; multivariate-adjusted HRs (95% 
CIs) were 1.00 (reference), 0.74 (0.69–0.81), 0.62 (0.56–
0.68), and 0.61 (0.56–0.65) for LoRI mortality, and 1.00 
(reference), 0.86 (0.84–0.87), 0.77 (0.75–0.78), and 
0.77 (0.76–0.79) for LoRI hospitalization among those 
engaging in MVPA frequency of 0, 1 to 2, 3 to 4, and 
≥5 times/week, respectively (Table S1).

Subgroup analyses by age strata, sex, and CVD 
subtype generally yielded similar results (Tables S2 and 
S3). Particularly, when participants were stratified by 
age, a gradual risk reduction was evident among older 
patients (aged ≥65 years), including those aged 75 to 
99  years. Moreover, the effect size was larger in the 
older than in the younger population (P for interaction 
[age] <0.001). Sensitivity analyses that excluded the 

first 2 years of follow-up were similar to the main analy-
ses (Table S4). Further controlling for prevalent asthma, 
outpatient clinic visits attributable to LoRI, and previ-
ous use of steroids, which act as sensitivity analyses, 
did not virtually alter the results (Table S5). Assuming 
linear association (between 0 and 2000 MET min/wk 
of physical activity), each 500-MET min/wk increase 
of physical activity was associated with 22% and 13% 
reduced risk of LoRI mortality and hospitalization in 
the overall population, respectively, in the fully adjusted 
model. The association strength increased as age in-
creased. For example, a 500-MET min/wk increase of 
physical activity was associated with 25% and 16% 
reduced risk of LoRI mortality and hospitalization, re-
spectively, in individuals aged 75 to 99 years (Figure 2 
and Table S6).

In the restricted cubic spline analyses, the pattern 
was generally parallel to that from categorical analyses 
(Figure 3). The risk declined gradually with increased 
physical activity up to 1500 to 1800 MET min/wk, and 
the curve flattened beyond that level. The overall pat-
tern was similar, except for a relatively smaller effect 
size and narrower CI for hospitalization than mortality.

DISCUSSION
The present study demonstrated a negative dose-
response association of physical activity on mortality 
and hospitalization attributable to LoRI in >1 million peo-
ple with CVD. Engaging in even a low amount of physical 
activity was associated with a reduced risk compared 
with being completely sedentary. Furthermore, in-
cremental risk reduction was demonstrated with in-
creasing physical activity (Figure  4). Moreover, the 
dose-response association was more evident in older 
individuals than in younger individuals with CVD.

The current study evaluated the dose-dependent 
association of physical activity with LoRI outcomes. 
Less attention has been paid to the effect of physical 
activity on LoRI outcomes. The NHS (Nurses’ Health 
Study) II demonstrated a graded inverse association 
between physical activity and pneumonia, although 
the association was unclear after controlling for obe-
sity, smoking, and alcohol consumption.11 This might 
be partly because they enrolled younger adults (aged 
27–44 years), and event rates were relatively low. The 
National Walkers’ and Runners’ Health Studies (NWHS 
and NRHS)12 showed an inverse dose-response rela-
tionship between physical activity and mortality from 
pneumonia after controlling for covariates, similar to our 
study. Notably, we found that older adults had stronger 
associations than younger adults. A previous study in 
Hong Kong reported that the beneficial effect of phys-
ical activity for influenza was more evident in younger 
than in older adults; however, the CIs of the effect 
between age groups overlapped.15 The age-specific 
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Table 1.  Characteristics of the Study Population Based on the Amount of Physical Activity

Variable Total
0  
MET min/wk

<500  
MET min/wk

500–999  
MET min/wk

1000–1499  
MET min/wk

≥1500  
MET min/wk

Participants, n (%) 1 048 502 (100) 314 815 (30.0) 286 526 (27.3) 271 661 (25.9) 107 487 (10.3) 68 013 (6.5)

Sex, n (%)

Men 528 373 (50.4) 135 208 (42.9) 138 664 (48.4) 147 687 (54.4) 63 370 (59.0) 43 444 (63.9)

Women 520 129 (49.6) 179 607 (57.1) 147 862 (51.6) 123 974 (45.6) 44 117 (41.0) 24 569 (36.1)

Age, y 62.7±11.3 64.9±11.4 61.9±11.6 61.8±11.0 60.5±10.3 62.2±9.8

Age categories, y

18–64 569 056 (54.3) 148 097 (47.0) 163 472 (57.1) 153 456 (56.5) 66 198 (61.6) 37 833 (55.6)

65–74 337 403 (32.2) 105 846 (33.6) 86 067 (30.0) 87 928 (32.4) 33 193 (30.9) 24 369 (35.8)

75–99 142 043 (13.5) 60 872 (19.3) 36 987 (12.9) 30 277 (11.1) 8096 (7.5) 5811 (8.5)

Smoking status

Nonsmoker 683 807 (65.2) 227 525 (72.3) 187 400 (65.4) 166 234 (61.2) 63 049 (58.7) 39 599 (58.2)

Ex-smoker 204 917 (19.5) 39 997 (12.7) 54 523 (19.0) 63 238 (23.3) 28 563 (26.6) 18 596 (27.3)

Current smoker 155 882 (14.9) 45 178 (14.4) 43 896 (15.3) 41 562 (15.3) 15 589 (14.5) 9657 (14.2)

Missing 3896 (0.4) 2115 (0.7) 707 (0.2) 627 (0.2) 286 (0.3) 161 (0.2)

Alcohol frequency

<1 Time/wk 721 567 (68.8) 243 170 (67.7) 193 974 (67.7) 176 218 (64.9) 65 873 (61.3) 42 332 (62.2)

1–2 Times/wk 200 709 (19.1) 38 686 (12.3) 61 649 (21.5) 59 899 (22.0) 25 681 (23.9) 14 794 (21.8)

3–4 Times/wk 72 966 (7.0) 16 024 (5.1) 19 095 (6.7) 21 608 (8.0) 10 273 (9.6) 5966 (8.8)

≥5 Times/wk 45 752 (4.4) 13 310 (4.2) 9957 (3.5) 12 686 (4.7) 5173 (4.8) 4626 (6.8)

Missing 7508 (0.7) 3625 (1.2) 1851 (0.6) 1250 (0.5) 487 (0.5) 295 (0.4)

Income status, quartile

First quartile (low) 218 111 (20.8) 69 849 (22.2) 58 162 (20.3) 55 609 (20.5) 21 199 (19.7) 13 292 (19.5)

Second quartile 172 804 (16.5) 54 758 (17.4) 47 105 (16.4) 44 071 (16.2) 16 372 (15.2) 10 498 (15.4)

Third quartile 249 427 (23.8) 76 389 (24.3) 68 161 (23.8) 63 783 (23.5) 25 271 (23.5) 15 823 (23.3)

Fourth quartile (high) 408 160 (38.9) 113 819 (36.2) 113 098 (39.5) 108 198 (39.8) 44 645 (41.5) 28 400 (41.8)

Body mass index, kg/m2

<18.5 22 048 (2.1) 9711 (3.1) 5577 (1.9) 4673 (1.7) 1283 (1.2) 804 (1.2)

18.5–24.9 564 649 (53.9) 168 182 (53.4) 153 019 (53.4) 148 521 (54.7) 57 806 (53.8) 37 121 (54.6)

25–29.9 402 898 (38.4) 117 158 (37.2) 111 150 (38.8) 104 451 (38.4) 43 032 (40.0) 27 107 (39.9)

≥30 58 907 (5.6) 19 764 (6.3) 16 780 (5.9) 14 016 (5.2) 5366 (5.0) 2981 (4.4)

Hypertension, mm Hg

SBP <120 159 754 (15.2) 45 637 (14.5) 45 719 (16.0) 42 072 (15.5) 16 387 (15.2) 9939 (14.6)

SBP 120–139 249 944 (23.8) 72 846 (23.1) 68 337 (23.9) 65 573 (24.1) 26 339 (24.5) 16 849 (24.8)

Hypertension or SBP 
≥140

638 804 (60.9) 196 332 (62.4) 172 470 (60.2) 164 016 (60.4) 64 761 (60.3) 41 225 (60.6)

Diabetes, mg/dL

FBG <100 521 446 (49.7) 156 593 (49.7) 145 332 (50.7) 134 919 (49.7) 52 555 (48.9) 32 047 (47.1)

FBG 100–125 291 512 (27.8) 86 737 (27.6) 79 462 (27.7) 75 677 (27.9) 30 761 (28.6) 18 875 (27.8)

Diabetes or FBG 
≥126

235 544 (22.5) 71 485 (22.7) 61 732 (21.5) 61 065 (22.5) 24 171 (22.5) 17 091 (25.1)

COPD

No 924 361 (88.2) 274 490 (87.2) 253 021 (88.3) 240 868 (88.7) 95 612 (89.0) 60 370 (88.8)

Yes 124 141 (11.8) 40 325 (12.8) 33 505 (11.7) 30 793 (11.3) 11 875 (11.0) 7643 (11.2)

History of admission attributable to lower respiratory tract infection

No 104 0315 (99.2) 311 186 (98.8) 284 515 (99.3) 269 989 (99.4) 106 989 (99.5) 67 636 (88.8)

Yes 8187 (0.8) 3629 (1.2) 2011 (0.7) 1672 (0.6) 498 (0.5) 377 (0.6)

 (Continued)



J Am Heart Assoc. 2022;11:e023775. DOI: 10.1161/JAHA.121.023775� 6

Jung et al� Physical Activity and LoRI Outcomes

association in the current study is noteworthy because 
older individuals generally have smaller relative effect 
size of risk or protective factors than the younger pop-
ulation in most epidemiologic studies23,24; however, 
they have a greater absolute effect size. Our study 
implies that the absolute benefit for older individuals 
with CVDs from engaging in physical activity would be 
much greater. Taken together with previous findings 
showing mortality benefits in older population,13 health 
professionals should encourage older individuals with 
CVDs to engage in physical activity to improve out-
comes from LoRI.

A recent cohort study demonstrated a benefi-
cial effect of physical activity on all-cause and vari-
ous cause-specific mortalities, including influenza and 
pneumonia-related mortality.14 However, that study did 
not evaluate the effect of physical activity that does not 
satisfy the guideline-recommended amount. Notably, 
our study demonstrated that participating in a low level 
of physical activity is beneficial compared with being 
completely sedentary, even though it does not meet 
the physical activity guidelines. This could have clinical 
implications given that many people with CVD (espe-
cially older individuals) did not meet the recommended 
amount. Indeed, more than half of the study population 
had <500 MET min/wk, and two thirds of individuals en-
gaging in 1 to 499 MET min/wk only performed light-
intensity physical activity.

Conflicting data exist on the association of high 
physical activity levels with respiratory tract infection 
outcomes.11–13,16,17 In some studies, an excess risk of 
extreme physical activity levels was shown for those 
who underwent strenuous activity, such as run-
ning a marathon, particularly among younger adults. 
However, there was no harm at the highest physical 
activity level in the present study. This might be be-
cause most patients with CVD in our study were older 
individuals who participated in physical activity for rec-
reational purposes, not for competition. Moreover, the 
excess risk in those studies was mostly for immediate 
events after competitive exercise for upper respiratory 
tract infection,16 not for LoRI.

To the best of our knowledge, this is the largest cohort 
study with substantial follow-up that explicitly explored 

the association of physical activity with LoRI in individuals 
with CVD. The dose-response association analyses sup-
port the need to limit sedentary behaviors and gradually 
increase physical activity (as medical condition allows) to 
meet the guideline-suggested goal.5,6,25 This could be 
an attainable approach among patients with CVD and 
older adults. Although we described the improvement 
of risk associated with lower amount of physical activity, 
we should not overlook the incremental benefit of activity 
that meets the physical activity guidelines.5,6,25 In other 
words, if the lower amount of physical activity is benefi-
cial, sufficient physical activity would be more beneficial 
for LoRI outcomes. To this end, each patient with CVD 
should be advised about an appropriate intensity, fre-
quency, and duration of physical activity for better LoRI 
outcomes.25 Furthermore, a recent guideline on exercise 
in patients with CVD also emphasized risk stratification 
before participation in exercise and individualized phys-
ical activity prescription among patients with CVD.25 
The current study did not directly show the association 
between physical activity and COVID-19 outcomes. 
However, a recent study demonstrated that inconsis-
tently as well as consistently performing physical activ-
ity was associated with lower risk for severe COVID-19 
outcomes.26 Encouraging physical activity while following 
the safety rules (eg, wearing a mask and keeping a safe 
distance) might be beneficial to improve prognosis during 
COVID-19 and future pandemics.

The underlying mechanism for the inverse associa-
tion of physical activity on LoRI is yet to be determined. 
Presumably, enhanced immunity, modulated inflam-
matory response, and improved lung function might 
play a role.27–32 Previous studies showed that natural 
killer cell activity (reflecting innate immune system) is 
higher in physically active individuals than in sedentary 
people.27 Moreover, increased chronic inflammation 
coupled with oxidative stress could weaken the dia-
phragm muscle force,32 which could be recovered by 
participating in physical activity. Although the immedi-
ate effect of a single bout of strenuous physical activity 
remains controversial, the long-term effect of physical 
activity performed on a regular basis is beneficial for 
both CVD and respiratory infection throughout the 
lifespan.28,29

Variable Total
0  
MET min/wk

<500  
MET min/wk

500–999  
MET min/wk

1000–1499  
MET min/wk

≥1500  
MET min/wk

Frequency of moderate to vigorous physical activity

0 Times/wk 593 388 (56.6) 314 815 (100.0) 175 863 (61.4) 102 710 (37.8) 0 (0.0) 0 (0.0)

1–2 Times/wk 136 054 (13.0) 0 (0.0) 94 286 (32.9) 41 768 (15.4) 0 (0.0) 0 (0.0)

3–4 Times/wk 114 752 (10.9) 0 (0.0) 16 377 (5.7) 88 725 (32.7) 9650 (9.0) 0 (0.0)

≥5 Times/wk 204 308 (19.5) 0 (0.0) 0 (0.0) 38 458 (14.2) 97 837 (91.0) 68 013 (100.0)

Data are expressed as mean±SD or number (percentage). COPD indicates chronic obstructive pulmonary disease; FBG, fasting blood glucose; MET, 
metabolic equivalents of task; and SBP, systolic blood pressure.

Table 1.  Continued
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The limitations of the present study include the 
observational study design, which makes causal in-
ference difficult. Although we extensively controlled 

for various confounders, unavailable potential con-
founders and residual confounding might affect the 
study outcomes to some degree. Reverse causality 

Figure 1.  Survival plots for lower respiratory tract infection outcomes by the amount of physical activity among individuals 
with cardiovascular diseases.
The amount of physical activity was categorized into 5 groups (0, 1–499, 500–999, 1000–1499, and ≥1500 metabolic equivalents 
of task min/wk). To create the survival plots for lower respiratory tract infection mortality; (A) and lower respiratory tract infection 
hospitalization (B), multivariate-adjusted Cox regression was used (adjusting for age at baseline, sex, smoking status, alcohol 
consumption frequency, household income, blood pressure status, fasting glucose status, body mass index, prevalent chronic 
obstructive pulmonary disease, and history of admission attributable to lower respiratory tract infection).

Figure 2.  Age-specific association of each 500–metabolic equivalents of task (MET) min/wk increase in physical activity on 
lower respiratory tract infection outcomes.
Assuming linear association between 0 and 2000 MET min/wk of physical activity, each 500-MET min/wk increase of physical 
activity was associated with 22% and 13% reduced risk of lower respiratory tract infection mortality and hospitalization in the overall 
population in the fully adjusted model. Of note, the strength of association increased as age increased. HR indicates hazard ratio.
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(namely, physical inactivity as a possible reflection 
of worse disease condition) should be considered. 
Although the results remained robust after the exclu-
sion of the first 2  years of follow-up, the possibility 
of reverse causality cannot be completely eliminated. 
Furthermore, the level of physical activity might have 

been changed over time; thus, the baseline physi-
cal activity may not be enough to capture the actual 
physical activity level during the follow-up. Physical 
activity assessment was performed using a self-
reported questionnaire. Compared with objective 
assessment using accelerometers, our assessment 

Figure 3.  Restricted cubic spline for lower respiratory tract infection outcomes by amount of physical activity.
The shape of association between physical activity and lower respiratory infection outcomes for mortality (A) and for hospitalization 
(B) demonstrated a nonlinear association (L-shaped association). The risk declined gradually with increased physical activity up to 
1500 to 1800 metabolic equivalents of task (MET) min/wk, and the curve flattened beyond that level without additional risk lowering or 
elevation. Hazard ratios were adjusted for age at baseline, sex, smoking status, alcohol consumption frequency, household income, 
blood pressure status, fasting glucose status, body mass index, known chronic obstructive pulmonary disease, and history of 
admission attributable to lower respiratory tract infection.

Figure 4.  Summary of the study.
CVD indicates cardiovascular disease; and LoRI, lower respiratory tract infection.
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was more prone to misclassification. Nonetheless, 
self-reported questionnaires were used in large 
studies as in the current study.33 There is a chance 
of misclassification of LoRI outcomes as our study 
made use of ICD-10 codes. However, the diagnostic 
accuracy of ICD-10 codes for pneumonia, the most 
important LoRI outcome, was found to be accept-
able (85.6%) compared with medical records.34 In 
addition, information on muscle strengthening ex-
ercise was unavailable. The study results may not 
be directly applied to all spectrums of CVD (such as 
valvular heart disease, arrhythmia, and cardiomyop-
athy). Finally, the findings may be interpreted in the 
context of the Korean population, showing differ-
ent metabolic traits and cultural norms. Therefore, 
subsequent studies of patients with CVD from other 
races and ethnicities could be valuable.

CONCLUSIONS
Physical activity has a graded negative dose-dependent 
association with LoRI morbidity and mortality in indi-
viduals with CVDs, including older individuals. Of note, 
our study demonstrated that engaging in even a low 
level of physical activity leads to a reduced risk than 
remaining completely sedentary. Moreover, the risk re-
duction was incremental according to the increasing 
amount of physical activity.
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Table S1. Dose-response association between frequency of moderate to vigorous physical activity (MVPA) and lower respiratory tract infection 

outcomes (mortality and hospitalization) 

Frequency of MVPA 

(times/week) 

Age- and sex-adjusted  Multivariate-adjusted*  Multivariate-adjusted† 

HR (95% CI) P-value  HR (95% CI) P-value  HR (95% CI) P-value 

Mortality         

0  1 (reference) -  1 (reference) -  1 (reference) - 

1-2  0.71 (0.65-0.76) <0.001  0.73 (0.68-0.79) <0.001  0.74 (0.69-0.81) <0.001 

3-4  0.58 (0.53-0.64) <0.001  0.60 (0.55-0.66) <0.001  0.62 (0.56-0.68) <0.001 

≥5  0.57 (0.53-0.61) <0.001  0.59 (0.55-0.63) <0.001  0.61 (0.56-0.65) <0.001 

Hospitalization          

0  1 (reference) -  1 (reference) -  1 (reference) - 

1-2 0.82 (0.81-0.84) <0.001  0.85 (0.83-0.87) <0.001  0.86 (0.84-0.87) <0.001 

3-4  0.73 (0.71-0.75) <0.001  0.76 (0.74-0.77) <0.001  0.77 (0.75-0.78) <0.001 

≥5 0.74 (0.73-0.75) <0.001  0.76 (0.75-0.78) <0.001  0.77 (0.76-0.79) <0.001 

Abbreviations: CI, confidence interval; HR, hazard ratio; MET, metabolic equivalents of task. 
*HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, and household income. 
†HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, household income, blood pressure status, fasting glucose status, body mass index, known chronic 

obstructive lung disease, and previous history of admission due to lower respiratory tract infection. 

 

 

 

 

 



Table S2. Association between physical activity and mortality from lower respiratory tract infection by subgroup  

Subgroups  Amount of 

physical activity 

(MET min/week) 

No. of events Event rate, 

n/100,000 

person-year 

Age- and sex-adjusted  Multivariate-adjusted*  Multivariate-adjusted† 

HR (95% CI) P-value  HR (95% CI) P-value  HR (95% CI) P-value 

Age strata, yrs 
    

 
     

18-64 0 195 16 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 155 11 0.75 (0.61-0.93) 0.009  0.83 (0.67-1.03) 0.089  0.85 (0.69-1.06) 0.145 

 500–999 152 12 0.70 (0.57-0.87) 0.001  0.79 (0.64-0.98) 0.029  0.80 (0.65-0.99) 0.040 

 1,000–1,499 61 11 0.62 (0.46-0.82) 0.001  0.71 (0.53-0.95) 0.023  0.75 (0.56-1.00) 0.048 

 ≥1,500 48 15 0.73 (0.53-1.00) 0.052  0.82 (0.60-1.13) 0.230  0.84 (0.61-1.15) 0.274 

65-74 0 1193 143 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 709 102 0.71 (0.65-0.78) <0.001  0.74 (0.67-0.81) <0.001  0.74 (0.68-0.82) <0.001 

 500–999 686 97 0.63 (0.57-0.69) <0.001  0.65 (0.59-0.71) <0.001  0.65 (0.60-0.72) <0.001 

 1,000–1,499 218 81 0.50 (0.43-0.58) <0.001  0.53 (0.46-0.62) <0.001  0.54 (0.47-0.62) <0.001 

 ≥1,500 163 83 0.47 (0.40-0.56) <0.001  0.50 (0.42-0.59) <0.001  0.51 (0.43-0.60) <0.001 

75-99 0 2363 606 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 1104 429 0.70 (0.65-0.75) <0.001  0.71 (0.66-0.76) <0.001  0.72 (0.67-0.78) <0.001 

 500–999 869 407 0.62 (0.57-0.67) <0.001  0.63 (0.58-0.68) <0.001  0.65 (0.60-0.70) <0.001 

 1,000–1,499 168 287 0.43 (0.36-0.50) <0.001  0.44 (0.37-0.51) <0.001  0.46 (0.39-0.54) <0.001 

 ≥1,500 153 365 0.50 (0.42-0.59) <0.001  0.51 (0.44-0.61) <0.001  0.53 (0.45-0.63) <0.001 

Sex            

Men 0 1979 193 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 1213 110 0.74 (0.69-0.80) <0.001  0.77 (0.72-0.83) <0.001  0.78 (0.73-0.84) <0.001 



 500–999 1215 103 0.65 (0.61-0.70) <0.001  0.68 (0.63-0.73) <0.001  0.69 (0.64-0.75) <0.001 

 1,000–1,499 345 67 0.49 (0.44-0.55) <0.001  0.52 (0.46-0.58) <0.001  0.54 (0.48-0.61) <0.001 

 ≥1,500 302 86 0.52 (0.46-0.58) <0.001  0.55 (0.48-0.62) <0.001  0.56 (0.50-0.63) <0.001 

Women 0 1772 125 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 755 63 0.66 (0.61-0.72) <0.001  0.67 (0.61-0.73) <0.001  0.68 (0.63-0.74) <0.001 

 500–999 492 48 0.60 (0.54-0.66) <0.001  0.60 (0.54-0.66) <0.001  0.61 (0.55-0.67) <0.001 

 1,000–1,499 102 28 0.46 (0.38-0.57) <0.001  0.47 (0.38-0.57) <0.001  0.48 (0.39-0.59) <0.001 

 ≥1,500 62 30 0.50 (0.38-0.64) <0.001  0.50 (0.39-0.65) <0.001  0.51 (0.40-0.66) <0.001 

CVD subtype            

IHD 0 996 113 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 615 68 0.76 (0.69-0.85) <0.001  0.79 (0.71-0.87) <0.001  0.80 (0.72-0.89) <0.001 

 500–999 557 65 0.69 (0.62-0.77) <0.001  0.71 (0.64-0.79) <0.001  0.72 (0.65-0.80) <0.001 

 1,000–1,499 159 45 0.55 (0.46-0.65) <0.001  0.57 (0.48-0.67) <0.001  0.59 (0.50-0.70) <0.001 

 ≥1,500 127 58 0.58 (0.48-0.69) <0.001  0.60 (0.50-0.72) <0.001  0.61 (0.51-0.74) <0.001 

HF 0 1216 143 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 577 73 0.66 (0.60-0.73) <0.001  0.67 (0.61-0.74) <0.001  0.68 (0.62-0.75) <0.001 

 500–999 513 70 0.65 (0.58-0.72) <0.001  0.66 (0.60-0.74) <0.001  0.68 (0.61-0.75) <0.001 

 1,000–1,499 120 41 0.46 (0.38-0.55) <0.001  0.47 (0.39-0.57) <0.001  0.49 (0.41-0.60) <0.001 

 ≥1,500 106 59 0.53 (0.43-0.65) <0.001  0.55 (0.45-0.67) <0.001  0.57 (0.47-0.70) <0.001 

Stroke 0 1765 257 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 839 146 0.68 (0.62-0.73) <0.001  0.70 (0.64-0.76) <0.001  0.72 (0.66-0.78) <0.001 

 500–999 700 123 0.56 (0.51-0.61) <0.001  0.58 (0.53-0.63) <0.001  0.60 (0.55-0.65) <0.001 

 1,000–1,499 170 79 0.42 (0.36-0.49) <0.001  0.44 (0.37-0.51) <0.001  0.46 (0.39-0.54) <0.001 



 ≥1,500 146 97 0.45 (0.38-0.53) <0.001  0.47 (0.39-0.56) <0.001  0.48 (0.41-0.57) <0.001 

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; IHD, ischemic heart disease; MET, metabolic equivalents of task; n/a, not applicable. 
*HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, and household income. 
†HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, household income, blood pressure status, fasting glucose status, known chronic obstructive lung disease, 

and previous history of admission due to lower respiratory tract infection. 

  



Table S3. Association between physical activity and hospitalization from lower respiratory tract infection by subgroup  

Subgroups  Amount of 

physical activity 

(MET min/week) 

No. of events Event rate, 

n/10,000 

person-year 

Age- and sex-adjusted  Multivariate-adjusted*  Multivariate-adjusted† 

HR (95% CI) P-value  HR (95% CI) P-value  HR (95% CI) P-value 

Age strata, yrs 
    

 
     

18-64 0 10,531 80 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 9,129 62 0.81 (0.79-0.83) <0.001  0.84 (0.82-0.87) <0.001  0.85 (0.83-0.87) <0.001 

 500–999 8,321 60 0.77 (0.75-0.79) <0.001  0.81 (0.79-0.83) <0.001  0.82 (0.79-0.84) <0.001 

 1,000–1,499 3,416 57 0.72 (0.70-0.75) <0.001  0.77 (0.74-0.80) <0.001  0.78 (0.75-0.81) <0.001 

 ≥1,500 2,095 61 0.75 (0.72-0.79) <0.001  0.79 (0.76-0.83) <0.001  0.80 (0.76-0.83) <0.001 

65-74 0 17,133 199 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 11,774 163 0.82 (0.80-0.84) <0.001  0.84 (0.82-0.86) <0.001  0.84 (0.82-0.86) <0.001 

 500–999 11,309 152 0.75 (0.73-0.77) <0.001  0.77 (0.75-0.79) <0.001  0.77 (0.75-0.79) <0.001 

 1,000–1,499 3,927 138 0.67 (0.65-0.69) <0.001  0.70 (0.67-0.72) <0.001  0.71 (0.68-0.73) <0.001 

 ≥1,500 2,924 141 0.66 (0.64-0.69) <0.001  0.69 (0.66-0.72) <0.001  0.70 (0.67-0.73) <0.001 

75-99 0 16,484 435 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 9,089 358 0.81 (0.79-0.84) <0.001  0.82 (0.80-0.84) <0.001  0.83 (0.81-0.86) <0.001 

 500–999 7,030 329 0.72 (0.70-0.74) <0.001  0.73 (0.71-0.75) <0.001  0.74 (0.72-0.76) <0.001 

 1,000–1,499 1,810 308 0.66 (0.63-0.69) <0.001  0.67 (0.64-0.70) <0.001  0.69 (0.66-0.72) <0.001 

 ≥1,500 1,309 312 0.64 (0.60-0.67) <0.001  0.65 (0.61-0.69) <0.001  0.66 (0.63-0.70) <0.001 

Sex            

Men 0 19,248 179 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 13,858 118 0.78 (0.76-0.80) <0.001  0.81 (0.79-0.83) <0.001  0.83 (0.81-0.84) <0.001 



 500–999 14,806 118 0.72 (0.71-0.74) <0.001  0.76 (0.74-0.78) <0.001  0.77 (0.76-0.79) <0.001 

 1,000–1,499 5,414 98 0.64 (0.62-0.66) <0.001  0.68 (0.66-0.70) <0.001  0.70 (0.68-0.71) <0.001 

 ≥1,500 4,195 112 0.63 (0.61-0.65) <0.001  0.67 (0.65-0.69) <0.001  0.68 (0.66-0.71) <0.001 

Women 0 24,900 168 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 16,134 126 0.84 (0.82-0.85) <0.001  0.84 (0.83-0.86) <0.001  0.85 (0.83-0.86) <0.001 

 500–999 11,854 109 0.75 (0.73-0.76) <0.001  0.75 (0.73-0.77) <0.001  0.76 (0.74-0.77) <0.001 

 1,000–1,499 3,739 95 0.71 (0.69-0.74) <0.001  0.72 (0.69-0.74) <0.001  0.73 (0.70-0.75) <0.001 

 ≥1,500 2,133 97 0.71 (0.68-0.74) <0.001  0.72 (0.68-0.75) <0.001  0.72 (0.69-0.76) <0.001 

CVD subtype            

IHD 0 14,844 161 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 11,099 116 0.82 (0.80-0.84) <0.001  0.84 (0.82-0.86) <0.001  0.85 (0.83-0.87) <0.001 

 500–999 10,259 113 0.77 (0.75-0.79) <0.001  0.80 (0.78-0.82) <0.001  0.80 (0.78-0.82) <0.001 

 1,000–1,499 3,727 98 0.71 (0.68-0.73) <0.001  0.74 (0.71-0.77) <0.001  0.75 (0.72-0.78) <0.001 

 ≥1,500 2,542 109 0.72 (0.69-0.75) <0.001  0.74 (0.71-0.78) <0.001  0.75 (0.72-0.78) <0.001 

HF 0 13,953 157 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 9,601 114 0.86 (0.84-0.88) <0.001  0.87 (0.85-0.90) <0.001  0.88 (0.86-0.91) <0.001 

 500–999 8,150 103 0.78 (0.76-0.81) <0.001  0.80 (0.78-0.82) <0.001  0.82 (0.80-0.84) <0.001 

 1,000–1,499 2,679 84 0.70 (0.67-0.73) <0.001  0.73 (0.70-0.76) <0.001  0.75 (0.72-0.78) <0.001 

 ≥1,500 1,776 93 0.69 (0.66-0.73) <0.001  0.72 (0.68-0.75) <0.001  0.73 (0.70-0.77) <0.001 

Stroke 0 16,578 235 1 (reference) -  1 (reference) -  1 (reference) - 

 <500 9,798 162 0.78 (0.76-0.80) <0.001  0.79 (0.77-0.81) <0.001  0.81 (0.79-0.83) <0.001 

 500–999 8,796 147 0.70 (0.68-0.72) <0.001  0.71 (0.69-0.73) <0.001  0.73 (0.71-0.75) <0.001 

 1,000–1,499 2,845 124 0.64 (0.61-0.67) <0.001  0.66 (0.64-0.69) <0.001  0.68 (0.65-0.71) <0.001 



 ≥1,500 2,061 129 0.61 (0.58-0.64) <0.001  0.63 (0.60-0.66) <0.001  0.64 (0.61-0.67) <0.001 

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; IHD, ischemic heart disease; MET, metabolic equivalents of task. 
*HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, and household income. 
†HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, household income, blood pressure status, fasting glucose status, known chronic obstructive lung disease, 

and previous history of admission due to lower respiratory tract infection 

.



Table S4. Association between physical activity and outcomes from lower respiratory tract infection by subgroups after 

excluding the first 2 years of follow-up (sensitivity analyses) 

Subgroups Amount of physical 

activity (MET 

min/week) 

Mortality Hospitalization  

MV-adjusted HR* 

(95% CI) 

P-value MV-adjusted HR* 

(95% CI) 

P-value 

Overall population      

 0 1 (reference) - 1 (reference) - 

 <500 0.77 (0.73-0.81) <0.001 0.86 (0.85-0.87) <0.001 

 500-999 0.68 (0.64-0.72) <0.001 0.80 (0.78-0.81) <0.001 

 1000-1499 0.54 (0.48-0.59) <0.001 0.74 (0.72-0.76) <0.001 

 ≥1500 0.57 (0.51-0.63) <0.001 0.73 (0.71-0.75) <0.001 

Age strata, yrs      

18-64 0 1 (reference) - 1 (reference) - 

 <500 0.91 (0.73-1.14) 0.409 0.86 (0.83-0.89) <0.001 

 500-999 0.79 (0.63-0.99) 0.040 0.83 (0.81-0.86) <0.001 

 1000-1499 0.77 (0.57-1.05) 0.095 0.79 (0.76-0.82) <0.001 

 ≥1500 0.87 (0.62-1.21) 0.398 0.81 (0.77-0.85) <0.001 

65-74 0 1 (reference) - 1 (reference) - 

 <500 0.76 (0.69-0.84) <0.001 0.86 (0.84-0.88)  

 500-999 0.67 (0.60-0.74) <0.001 0.80 (0.77-0.82)  

 1000-1499 0.56 (0.49-0.65) <0.001 0.73 (0.70-0.76)  



 ≥1500 0.53 (0.45-0.63) <0.001 0.72 (0.69-0.75) <0.001 

75-99 0 1 (reference) - 1 (reference) - 

 <500 0.76 (0.71-0.82) <0.001 0.86 (0.83-0.89) <0.001 

 500-999 0.68 (0.63-0.74) <0.001 0.77 (0.75-0.80) <0.001 

 1000-1499 0.47 (0.39-0.55) <0.001 0.72 (0.68-0.76) <0.001 

 ≥1500 0.55 (0.46-0.66) <0.001 0.70 (0.66-0.74) <0.001 

Sex      

Men 0 1 (reference) - 1 (reference) - 

 <500 0.82 (0.76-0.88) <0.001 0.85 (0.83-0.87) <0.001 

 500-999 0.71 (0.66-0.77) <0.001 0.80 (0.78-0.82) <0.001 

 1000-1499 0.55 (0.49-0.63) <0.001 0.73 (0.70-0.75) <0.001 

 ≥1500 0.58 (0.52-0.66) <0.001 0.71 (0.69-0.74) <0.001 

Women 0 1 (reference) - 1 (reference) - 

 <500 0.71 (0.65-0.78) <0.001 0.86 (0.84-0.88) <0.001 

 500-999 0.65 (0.58-0.72) <0.001 0.78 (0.76-0.80) <0.001 

 1000-1499 0.52 (0.42-0.64) <0.001 0.74 (0.71-0.77) <0.001 

 ≥1500 0.54 (0.42-0.70) <0.001 0.74 (0.70-0.77) <0.001 

CVD subtype       

IHD  0 1 (reference) - 1 (reference) - 

 <500 0.84 (0.75-0.93) <0.001 0.86 (0.83-0.88) <0.001 

 500-999 0.73 (0.66-0.82) <0.001 0.82 (0.79-0.84) <0.001 



 1000-1499 0.60 (0.50-0.72) <0.001 0.76 (0.73-0.79) <0.001 

 ≥1500 0.63 (0.52-0.76) <0.001 0.76 (0.73-0.80) <0.001 

HF  0 1 (reference) - 1 (reference) - 

 <500 0.72 (0.65-0.79) <0.001 0.90 (0.87-0.93) <0.001 

 500-999 0.70 (0.63-0.78) <0.001 0.84 (0.82-0.87) <0.001 

 1000-1499 0.50 (0.41-0.61) <0.001 0.77 (0.73-0.80) <0.001 

 ≥1500 0.59 (0.48-0.72) <0.001 0.75 (0.71-0.80) <0.001 

Stroke  0 1 (reference) - 1 (reference) - 

 <500 0.75 (0.68-0.81) <0.001 0.84 (0.82-0.87) <0.001 

 500-999 0.63 (0.57-0.69) <0.001 0.77 (0.74-0.80) <0.001 

 1000-1499 0.48 (0.41-0.57) <0.001 0.70 (0.66-0.74) <0.001 

 ≥1500 0.51 (0.43-0.61) <0.001 0.70 (0.66-0.74) <0.001 

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; IHD, ischemic heart disease; n/a, non-applicable; MET, metabolic equivalents of task; MV, 

multivariate. 
*HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, household income, blood pressure status, fasting glucose status, known 

chronic obstructive lung disease, and previous history of admission due to lower respiratory tract infection. 

 

 

 

 

 

 



Table S5. Dose-response association between the amount of physical activity and lower respiratory tract infection mortality 

and hospitalization rates (sensitivity analysis) 

Amount of physical 

activity 

(MET-min/week) 

No. of events 

Event rate, 

n/10,000 person-

year 

Multivariate-adjusted* 

(Main analysis) 

Multivariate-adjusted† 

(Sensitivity analysis) 

HR (95% CI) P-value HR (95% CI) P-value 

Mortality 
      

0  
3,751 15.4 1 (reference) - 1 (reference) - 

<500  
1,968 8.5 0.74 (0.70-0.78) <0.001 0.74 (0.70-0.78) <0.001 

500–999  
1,707 7.8 0.66 (0.62-0.70) <0.001 0.66 (0.62-0.70) <0.001 

1,000–1,499  
447 5.1 0.52 (0.47-0.57) <0.001 0.52 (0.47-0.57) <0.001 

≥1,500  
364 6.6 0.54 (0.49-0.60) <0.001 0.54 (0.49-0.61) <0.001 

Hospitalization  
      

0  
44,148 172.8 1 (reference) - 1 (reference) - 

<500  
29,992 122.1 0.84 (0.83-0.85) <0.001 0.84 (0.83-0.85) <0.001 

500–999  
26,660 113.7 0.77 (0.76-0.79) <0.001 0.78 (0.76-0.79) <0.001 

1,000–1,499  
9,153 96.6 0.72 (0.70-0.73) <0.001 0.72 (0.70-0.73) <0.001 

≥1,500  
6,328 106.7 0.71 (0.69-0.73) <0.001 0.71 (0.69-0.73) <0.001 

Abbreviations: CI, confidence interval; HR, hazard ratio; MET, metabolic equivalents of task. 
*HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, household income, blood pressure status, fasting glucose status, body mass 

index, known chronic obstructive lung disease, and previous history of admission due to lower respiratory tract infection. 
†HRs were calculated by Cox models, after adjusting for all variables in main analysis, prevalent asthma, outpatient clinic visit due to influenza and pneumonia, and steroid use within 1 year before the 

health examination date.  

 



Table S6. Association of a 500 MET-min/week increase in physical activity and lower respiratory tract infection outcomes 

among individuals with ≤2000 MET-min/week 

 

Age- and sex-

adjusted 
  

Multivariate-

adjusted* 
 

 Multivariate-

adjusted† 
 

 

HR (95% CI) P-value 

P for 

interaction 

(age) 

HR (95% CI) P-value 

P for 

interaction 

(age) 

HR (95% CI) P-value 

P for 

interaction 

(age) 

Mortality 
         

Overall 

population 0.75 (0.73-0.77) <0.001  0.77 (0.75-0.79) <0.001  0.78 (0.75-0.80) <0.001  

Age strata, yrs 
         

18-64  
0.84 (0.77-0.92) <0.001 0.027 0.89 (0.81-0.97) 0.009 0.002 0.90 (0.82-0.98) 0.017 0.003 

65-74  
0.76 (0.72-0.79) <0.001  0.77 (0.74-0.81) <0.001  0.78 (0.74-0.81) <0.001  

75-99 
0.73 (0.70-0.77) <0.001  0.74 (0.71-0.77) <0.001  0.75 (0.72-0.79) <0.001  

Hospitalization 
         

Overall 

population 0.85 (0.85-0.86) <0.001  0.87 (0.86-0.87) <0.001  0.87 (0.87-0.88) <0.001  

Age strata, yrs 
         

18-64  
0.89 (0.88-0.90) <0.001 <0.001 0.91 (0.90-0.92) <0.001 <0.001 0.91 (0.90-0.92) <0.001 <0.001 

65-74  
0.85 (0.84-0.86) <0.001  0.87 (0.86-0.88) <0.001  0.87 (0.86-0.88) <0.001  

75-99 
0.83 (0.82-0.84) <0.001  0.83 (0.82-0.85) <0.001  0.84 (0.83-0.86) <0.001  

Abbreviations: CI, confidence interval; HR, hazard ratio; MET, metabolic equivalents of task. 

*HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, and household income. 
†HRs were calculated by Cox models, after adjusting for age at baseline, sex, smoking status, alcohol consumption frequency, household income, blood pressure status, fasting glucose status, body mass 

index, prevalent chronic obstructive lung disease, and previous history of admission due to lower respiratory tract infection. 


